isolates of Sphingomonas paucimobilis, including 11 from clinical specimens from six patients with nosocomial infection and three from environmental sources, were collected. Two of the six patients had intravascular catheter -related bacteremia and one each had bacteremic biliary tract infection, urinary tract infection, ventilator-associated pneumonia, and wound infection. The S. paucimobilis isolates were identified according to biochemical profiles established with use of the API 20NE system and Vitek GNI card and the characteristic cellular fatty acid chromatogram. Ten biotypes, 11 antibiograms (by the Etest), and 12 random amplified polymorphic DNA (RAPD) patterns (by arbitrarily primed polymerase chain reaction) were identified. The identical biotype, antibiogram, and RAPD pattern of the two isolates (one each from blood and bile) from a patient with biliary tract infection indicated the invasiveness of the organism. Two patients with intravascular catheter -related bacteremia had isolates of this organism repeatedly recovered, and these isolates had heterogeneous RAPD patterns. The present study highlights the wide distribution in hospital environments of various clones of S. paucimobilis, which may cause recurrent infections by a single strain or several episodes of infection due to two or more clones of this organism in hospitalized patients.
Sphingomonas paucimobilis (formerly Pseudomonas pauci-
patients and of those from the hospital environment recovered during this period. mobilis) is a yellow-pigmented, nonfermenting, gram-negative bacillus that has a single polar flagellum with slow motility (thus paucimobilis) [1, 2] . This organism is widely distributed
Patients and Methods in the natural environment (especially water and soil) and has been implicated in a variety of community-acquired and nosoClinical data. Cultures of clinical specimens submitted to comial infections, including bacteremia, catheter-related sepsis, the Microbiology Laboratory at National Taiwan University meningitis, peritonitis, cutaneous infections, visceral abscesses, Hospital from January 1995 to September 1996 and positive urinary tract infections, adenitis, and diarrheal disease [3 -14] .
for S. paucimobilis were identified. During this period, 11 isoIn hospitals, the majority of the isolates infecting humans, lates of S. paucimobilis were recovered from six patients with as well as those recently reported to have caused nosocomial nosocomial infections. Relevant information on these patients outbreaks, are considered to originate from contaminated hoswas obtained retrospectively by examination of medical repital equipment or the manipulation of indwelling devices [15 - cords. These data included clinical syndromes, underlying dis-19]. To our knowledge, no previous studies have used phenoeases, associated conditions (e.g., chemotherapy or the use of typic characteristization and molecular epidemiological typing indwelling devices), antimicrobial treatment, and outcome. to elucidate the relatedness of S. paucimobilis isolates of cliniIsolation and identification. Eleven isolates of S. paucimocal significance and those from environmental sources at a bilis recovered from the six patients were collected. Three envigiven hospital.
ronmental isolates (EIs), including one each from dialysate (EI In the present study we noted the clinical features of six 1), humidifier fluid (EI 2), and tap water (EI 3), were obtained cases of nosocomial S. paucimobilis infections that occurred during routine environmental surveillance by the Infection at our hospital over a 21-month period and studied the biochemControl Committee of the hospital. Environmental samples ical characteristics, cellular fatty-acid composition, antimicrowere obtained with swabs, which were streaked onto trypticase bial susceptibility, and molecular typing of isolates from these soy agar supplemented with 5% sheep blood (BBL Microbiology Systems, Cockeysville, MD) and then immersed in brainheart infusion broth (Difco Laboratories, Detroit). The sources and dates of recovery of the clinical and environ-at 070ЊC in trypticase soy broth (Difco) with 15% glycerol at least 48 hours following hospitalization, with the organism isolated from an obviously infected focus that contributed to until testing. Isolates for phenotypic and genotypic studies were directly recovered from the growth of the bacterial stock, with the clinical sepsis. Patients with intravascular catheter -related infection due to S. paucimobilis were defined as those with a no more than two passages of overnight culture.
Biotyping. The biotype of each isolate was determined on body temperature of ú38.3ЊC and tachypnea or chills, without an apparent source of infection except for an exit site or tunnel. the basis of oxidase reactions and biochemical profiles produced by the Vitek GNI card and the API 20NE system. OxiIn addition, at least two blood cultures were positive for S. paucimobilis or one blood culture and one culture of the dase reaction of the isolates was performed on the growth on trypticase soy agar supplemented with 5% sheep blood and catheter tip or exit-site specimen were positive for the same organism [22] . incubated in ambient air at 35ЊC for 48 hours.
Cellular fatty acid analysis. The procedure for cellular Antibiograms of the isolates were considered identical if the MICs of the antimicrobial agents tested were the same or within fatty-acid analysis of the isolates and the instruments used were in accordance with previous descriptions [20] . The software a one-dilution discrepancy. RAPD patterns were considered identical if isolates shared every band. Isolates were defined library used to identify the S. paucimobilis strains was TSBA, version 3.9 (Microbial ID, Newark, DE). A major peak of the as being of the same strain or derived from a single clone if they had identical antibiograms, belonged to the same biotypes, esterified fatty acid was defined as the area percentage §3% of the area of the total esterified fatty acid of the isolate; a and had identical RAPD patterns. minor peak was defined as the area percentage õ3% of the total esterified fatty acid of the isolate.
Results Antimicrobial susceptibility testing. Susceptibility testing of these isolates to 10 antimicrobial agents was performed with Clinical features. Among the 6 patients with nosocomial S. paucimobilis infection, 3 had underlying neoplastic diseases use of the Etest (AB BIODISK, Solna, Sweden) according to the manufacturer's directions. These agents included cephaloand 4 had infections associated with the use of indwelling devices (table 1) . Clinical syndromes included intravascular thin, cefuroxime, cefotaxime, ceftazidime, imipenem, ciprofloxacin, minocycline, trimethoprim/sulfamethoxazole, tocatheter -related bacteremia in two patients and ventilatorassociated pneumonia, wound infection, urinary tract infection, bramycin, and amikacin. The MIC was defined as the intercept of the zone of inhibition with the graded Etest strip. Staphyloand bacteremic biliary tract infection in one patient each. For all patients, S. paucimobilis was the sole isolate from the incoccus aureus ATCC 29213, Escherichia coli ATCC 25922, and Pseudomonas aeruginosa ATCC 27853 were used as confected sites. All patients recovered with appropriate antibiotic treatment and removal of the indwelling devices when the trol strains in each set of tests. The percentage of isolates susceptible to these antimicrobial agents was determined by culture results became available, except for patient 6, whose Port-a-cath (Kabi-Pharmacia, North Ryde, New South Wales, applying the susceptibility breakpoints used for Pseudomonas species [21] . In order to determine the susceptibility category Australia) remained in place for ú1 month after the blood culture was found to be positive for S. paucimobilis. of the isolates, the MICs that fell between twofold dilutions were rounded up to the next twofold dilution.
Bacterial isolates. All isolates were glucose-nonfermentative, gram-negative bacilli and had yellow-pigmented and Random amplified polymorphic DNA analysis. Preparation of isolates for random amplified polymorphic DNA (RAPD) nonmucoid colonies on trypticase soy agar plates supplemented with 5% sheep blood that were incubated in ambient air at analysis and extraction of genomic DNA were performed as previously described [20] . Primer OPA-5 (5-AGGGGTCTTG-35ЊC for 48 -72 hours. The results of the oxidase reaction test varied among these isolates (table 2) . The biochemical profiles 3), chosen from 20 primers in a kit (OPA-1 to OPA-20) purchased from Operon Technologies, Inc. (Alameda, CA), and produced by the Vitek GNI card and the API 20NE system both showed probabilities of §92% (and at least one of those M13 (5-TTATGTAAAACGACGGCCAGT-3), a universal primer, were used. Each 20-mL reaction mixture contained was §99%) that the organisms were S. paucimobilis (table 2) . All isolates had a unique cellular fatty chromatogram and a 50 pmol of primer, 40 ng of genomic DNA, 250 mM of deoxynucleoside triphosphate, 2 mM of MgCl 2 , 10 mM of Tris-Cl (pH, similarity index of §0.89 that the organisms were S. paucimobilis [23] . 8), 50 mM of KCl, and 1 U of AmpliTaq (Perkin-Elmer Cetus, Norwalk, CT). Reaction tests were performed in a thermal cycler
Biotyping. Nine biotypes generated by oxidase reaction and nine biochemical reactions obtained with the Vitek GNI for 1 minute at 94ЊC, 1 minute at 35ЊC, and 2 minutes at 72ЊC for 40 cycles, followed by a final extension step at 72ЊC for 10 card and the API 20NE system are shown in table 2. Isolates from patient 1 (isolates A1 and A2) and patient 6 (isolates F1 -minutes. RAPD products were then analyzed on a 1.5% agarose gel with a Tris-borate-EDTA buffer. After the gels were stained 4) belonged to the same biotypes. The biotypes of isolates from patient 4 (isolates D1 and D2) and of the three environwith ethidium bromide, they were photographed.
Definitions. For this study a nosocomial S. paucimobilis mental isolates differed, and so did the isolates from different patients. infection was defined as an infection that developed in a patient / 9c48$$mr52 02-11-98 09:45:37 cida UC: CID Antimicrobial susceptibility. The MICs of all the antimito cephalothin. Susceptibility to cefuroxime, ceftazidime, and ciprofloxacin varied. A total of 11 antibiograms were identified. crobial agents against the two control strains were within the recommended ranges. Table 3 shows the results of the susceptiIdentical antibiograms were not always found for isolates from the same patient but were found for isolates from different bility testing of the 14 isolates to 10 antimicrobial agents. All isolates were susceptible to minocycline, imipenem, amikacin patients (patients 4 and 5). The three environmental isolates all had different antibiograms. (except isolate B), trimethoprim/sulfamethoxazole (except isolate C), and cefotaxime (except isolate B) and were resistant RAPD patterns. Twelve different RAPD patterns generated by primers OPA-5 and M13 of the 14 isolates of S. paucimobilis lates and the isolates causing nosocomial infections in our patients during the period of epidemiological surveillance. were identified (figure 1). Isolates from different patients as well as those from different environmental sources had differ-
The present study reveals that RAPD analysis by the arbitrarily primed PCR technique provides a considerably discrimient RAPD patterns. Two isolates (isolates A1 and A2) from patient 1, who had a bacteremic biliary tract infection, had an natory power and is superior to biotyping or antimicrobial susceptibility testing for epidemiological investigation of identical RAPD pattern. However, the RAPD patterns of two blood isolates (D1 and D2) from patient 4, who had an intravas-S. paucimobilis infections. Using this method, we clearly elucidated the capacity of a clone of this organism from the biliary cular catheter -related infection, differed. Four isolates (F1 -F4) from another patient (patient 6), who had intravascular tract to invade the bloodstream (patient 1) and successfully demonstrated that two clones (patient 4) or three clones (patient catheter -related sepsis, had three different RAPD patterns; the RAPD patterns of the two isolates collected on the same day, 6) of this organism can cause different episodes of infection related to an indwelling device. Moreover, the existence of the one (F3) recovered from a pus specimen from the infected insertion site of a Port-a-cath and the other (F4) recovered from same clone (isolates F2 and F3) of S. paucimobilis in patient 6 indicated the ability of this organism to persistently colonize a removed catheter (F4), were different.
the catheter for at least 1 week. The origin of S. paucimobilis nosocomial infections may be endogenous (i.e., they may stem from previous colonization of the Discussion patient) or environmental (via the implantation of various indwelling devices) or may be associated with the contamination of sterile Clustering of cases of nosocomial infection caused by a rarely isolated organism seen at the same hospital suggests the fluid in hospitals [1, 10, 11, 13, 17] . The portal of entry of S. paucimobilis isolates recovered from four of our patients (paprobability of a common source, even though the infections occurred over a 21-month period. In the present study, the high tients 1, 4, 5, 6) was clearly exogenous and was linked to the use of various indwelling devices. In one patient (patient 3) the portal heterogeneity of RAPD patterns among S. paucimobilis isolates from the six patients indicates that all these nosocomial infecof entry was associated with the contamination of a preexisting wound during hospitalization. Urinary tract infection due to this tions were epidemiologically unrelated. It is interesting that S. paucimobilis repeatedly isolated from various clinical speciorganism is a distinct rarity in clinical settings [4, 10] . In the present study, one patient (patient 2) had a definite urinary tract mens of the same patient did not always belong to the same clone. It is possible that various clones of S. paucimobilis are infection but had not undergone urinary catheterization. It is suggested that the organism may already have colonized the female widely distributed in the hospital environment and may cause various infections in a hospitalized patient. However, we could patient's digestive tract or perineal area during hospitalization and subsequently caused ascending infection to the urinary tract. not find the molecular relationship between environmental iso-/ 9c48$$mr52 02-11-98 09:45:37 cida UC: CID samples, even though the patient received antibiotics with in vitro activity against the two isolates. Clinical defervescence of this patient was documented after removal of the infected catheter. This scenario was also found in another patient (patient 6) with neutropenia, in accord with the finding by Salazar et al. [11] .
Infections caused by gram-negative bacteria frequently result in a considerable mortality rate, especially among patients with compromised immunity. However, previously reported cases of infections due to S. paucimobilis have not been associated with death [5, 8, 10] , although one case of bacteremia in a patient with burns complicated by apparent septic shock has been described [3] . The favorable outcome of S. paucimobilis bacteremia in the three patients with debilitating underlying conditions (patients 1, 4, and 6) supports this observation. Several factors might contribute to the virulence of S. paucimobilis in human infections [10, 26, 27] . The lack of a typical lipopolysaccharide constituent of the cellular membrane of S. paucimobilis, with the accompanying deficiency of endotoxin activity, has been proposed to explain the lack of deaths attributed to this organism [26] .
Previous reports on the results of antimicrobial susceptibility testing of S. paucimobilis suggest that quinolones or the aminoglycosides (either alone or in combination with a b-lactam agent) may be the antibiotics of choice in the treatment of infections caused by this organism [8, 10, 28] . It should be pointed out that seven (58%) of the 12 strains tested in the present study were resistant to ciprofloxacin, which is unusual for S. paucimobilis (according to previous reports), indicating In conclusion, the present study highlights the wide distribufrom three environmental sources. Marker sizes in kilobase pairs are tion of a variety of clones of S. paucimobilis in hospitals; these given at the left. may cause recurrent infection by a single strain or several episodes of infection due to two or more clones of this organism in hospitalized patients. Our additional six cases also reinforce the concept that S. paucimobilis should be considered as an Catheter removal for catheter-related sepsis is generally advised [11, 22] . However, treatment of catheter-related infecimportant nosocomial pathogen capable of causing severe infections in humans, especially in immunocompromised hosts tions without hemodynamic compromise with antibiotics alone has a reported success rate of 65% -80% [12, 24] . Catheterwith various indwelling devices. related sepsis due to Flavimonas oryzihabitans, Chryseobacterium indologenes, and S. paucimobilis has been reported to be 
